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Abstract	28 
The	 aim	 of	 this	 work	 is	 to	 reconstruct	 the	 periods	 of	 growth	 and	 decline	 of	 human	29 
populations	in	Morocco	and	their	potential	impacts	on	the	landscape	over	the	last	10,000	years.	30 
In	order	to	estimate	trends	in	human	population	size	between	10,000	and	3,000	years	ago	we	31 
used	 a	 Summed	 Probability	 Distribution	 (SPD)	 of	 radiocarbon	 dates	 from	 a	 wide	 range	 of	32 
archaeological	 sites	 throughout	Morocco.	Landscape	changes	were	 identified	and	quantified	33 
from	 a	 data	 set	 of	 fossil	 pollen	 records.	 Different	 anthropogenic	 pollen	markers,	 as	well	 as	34 
natural	 vegetation	 groups	 and	 taxonomic	 richness	 were	 used	 to	 analyze	 the	 relationship	35 
between	long-term	trends	in	human	population	expansion	or	regression	and	type	of	impact	on	36 
the	landscape. 37 
Sub-regions	 of	 Morocco	 have	 different	 topographies	 and	 climates,	 which	 have	 either	38 





indicate	 that	 farming	 expanded	 in	 the	 lowlands	 during	 the	 first	major	 expansion	 of	 human	44 
populations	between	ca.	7200	and	6700	calibrated	years	BP	at	the	start	of	the	Neolithic	period.	45 
In	the	Atlas	and	Rif	Mountains	anthropogenic	impact	is	not	clearly	detectable	in	any	of	these	46 


















Sadori	 2012).	 This	 may	 explain	 the	 asynchronous	 dating	 of	 the	 beginning	 and	 end	 of	 the	64 
Neolithic	in	the	Mediterranean	(Morales	et	al.	2013;	Linstädter	et	al.	2018).	In	terms	of	impact	65 






human	 interference.	 Some	 authors	 have	 proposed	 that	 climate	 was	 the	 main	 driver	 of	72 
synchronous	 ecosystem	 changes	 in	 the	Mediterranean	 during	 the	 entire	Holocene	 and	 that	73 
landscape	 changes	 cannot	 be	 attributed	 to	 human	 activity	 alone	 (Jalut	 et	 al.	 2009).	 Other	74 
scholars	have	argued	that	there	is	an	interplay	between	climate,	humans	and	Mediterranean	75 
ecosystems,	which	becones	complex	 to	unravel	when	aridity	 increased	during	and	after	 the	76 
mid-Holocene	(Carrión	et	al.	2010;	Mercuri	2008;	Sadori	et	al.	2011). 77 
In	Morocco,	the	earliest	Holocene	human	use	of	pant	resources	was	detected	in	the	semi-78 
arid	 lowlands	 of	 the	 Northeast	 Moroccan	 hinterland.	 Charcoal	 samples	 from	 rock	 shelters	79 
(Grösdorf	 and	 Eiwanger,	 1999)	 and	 Epipalaeolithic	 open	 air	 sites	 (Ibouhouten	 et	 al.,	 2010,	80 
Linstädter	et	al.,	2012;	Mikdad	et	al.,	2000)	provide	14C	ages	between	11,700	and	7,800	years	81 
cal.	 BP.	 In	 the	 Middle	 Atlas	 Mountains,	 there	 are	 indications	 of	 early	 Holocene	 occupation	82 


















al.	 2011).	 Changes	 through	 time	 in	 human	 population	 size	 can	 also	 be	 estimated	 from	 the	100 




period	 between	 10,000	 and	 3000	 cal	 BP	 and	 compared	 population	 variation	 during	 the	105 
Holocene	 to	 several	 anthropogenic	 pollen	 indicators	 as	 well	 as	 to	 reconstructed	 natural	106 

























assumptions	 based	 on	 stratigrahic	markers	 and	 expertise.	 The	 time	 spans	 proposed	 by	 the	132 
original	 author	 (Atlantic,	 Sub-boreal	 and	 Sub-Atlantic	 periods)	 have	 been	 used	 to	 build	 a	133 
quantitative	chronology	for	the	four	pollen	records. 134 
Within	the	dataset,	there	are	five	pollen	records	located	at	elevations	lower	than	800m	135 




account	when	 interpreting	 the	occurrence	of	anthropogenic	markers	and	overall	 vegetation	140 
changes.	All	of	the	pollen	records	compiled	have	been	archived	in	a	MySQL	database,	which	has	141 
a	 compatible	 structure	 with	 the	 European	 Pollen	 Database	142 
(www.europeanpollendatabase.net).	 The	 Moroccan	 pollen	 data	 will	 be	 contributed	 to	 the	143 
European	Pollen	Database	(Leydet,	2007-2018). 144 
4 
We	defined	 five	 anthropogenic	 pollen	markers	 (APMs)	 from	 the	 taxa	 identified	 in	 the	145 
fossil	pollen	records	(table	2).	These	APMs	are	based	on	earlier	published	research	and	are	146 













overall	 entity	 that	 takes	all	of	 the	pollen	 records	 into	account	 (figure	2).	 	One	palynological	160 
difference	with	these	similar	studies	carried	out	in	other	Mediterranean	regions	is	the	exclusion	161 
of	 Artemisia	 from	 the	 APMs	 because	 it	 is	 a	 natural	 dominant	 taxon	 in	 Moroccan	 steppe	162 
landscapes	 which	 occurs	 in	 the	 mountainous	 areas	 (e.g.	 Saadi	 and	 Bernard,	 1991).	 Thus,	163 
Artemisia	was	not	considered	an	anthropogenic	marker	in	the	present	study.In	addition	to	the	164 
APMs,	we	 reconstructed	 the	pollen	 taxonomic	 richness	 (figure	3)	using	 rarefaction	analysis	165 
(Birks	and	Line	1992)	for	the	same	areas	and	pollen	records	as	the	APMs.	Fossil	pollen	samples	166 
represent	 a	 partial	 representation	 of	 the	 anemophilous	 plants,	 due	 to	 the	 differing	 pollen	167 
productivity	of	different	plants	and	their	dissimilar	dispersal	capacity.	The	number	of	identified	168 
and	counted	pollen	grains	is	also	often,	 if	not	always,	different	from	one	analyzed	sample	to	169 
another	within	 the	 same	 record.	 Rarefaction	 analysis	 provides	 an	 unbiased	 estimate	 of	 the	170 





the	 species	 in	 the	 studied	 site.	Modern	 human	 activities	 often	 result	 is	 negative	 impact	 on	176 








according	 to	 their	 taxa	 assemblages	 and	 builds	 on	 the	 cluster	 analysis	 approach	 used	 by	185 
Woodbridge	et	al.	(2018)	and	Fyfe	et	al.	(2018). 186 
Demographic change over the Holocene 187 
In	the	past	two	decades	one	of	the	most	popular	proxies	for	inferring	demographic	trends	188 




Capuzzo	 et	 al.	 2018).	 The	 SPD	 results	 	 from	 'counting	 up'	 (summed	 in	 the	 manner	 of	 a	193 
5 
histogram)	the	calibrated	raw	radiocarbon	years	of	each	organic	sample,	which	are	expressed	194 




relative	 intensities	 of	 population	 and	 proportional	 change	 through	 time.	 Although	 SPDs	 of	199 
radiocarbon	 dates	 has	 been	 extensively	 used	 by	 archaeologists	 for	 modelling	 population	200 
fluctuations	 in	 prehistory,	 it	 faces	 several	 challenges	 such	 as	 biases	 in	 research	 strategies,	201 
budgets	 and	 interests	 that	 can	 undermine	 a	 random	 sample	 of	 human	 activity	 in	 every	202 
archaeological	phase. 203 









specific	 issues	 about	 sample	 size	will	 be	 discussed	 below	 (Michczyńska	 and	 Pazdur,	 2004;	213 








figure	 5)1.	 The	 potential	 bias	 of	 oversampling	 particular	 site-phases	 has	 been	 reduced	 by	222 
aggregating	multiple	uncalibrated	radiocarbon	dates	 from	the	same	site	that	are	within	100	223 











Timpson	 et	 al	 2014;	 as	 specifically	 implemented	 in	 Bevan	 and	 Crema	 2018:	 modelTest,	235 
‘uncalsample’).	 Deviations	 above	 and	 below	 the	 95%	 confidence	 limits	 of	 the	 envelope	236 
respectively	indicate	periods	of	population	growth	and	decline	greater	than	expected	according	237 
a	 logistic	model	 of	 population	 growth.	However,	 it	 is	 important	 to	 recognize	 that	 a	 logistic	238 
model	cannot	strickly	be	considered	as	a	realistic	model	for	population	growth,	but	rather	as	239 









as	 recently	as	~3000	Cal	yr	BP	 in	Morocco,	 that	 is	prior	 to	 the	historical	 time	period	when	245 
archaeological	 chronologies	 rely	 more	 on	 specific	 evidence	 such	 as	 datable	 coins,	 written	246 
source	and	fine-ware	pottery	rather	than	on	radiometric	dating. 247 
 Chemical elements 248 
A	 chemical	 elements	 analysis	was	 carried	 out,	 using	 potable	 X-ray	 fluorescence	 (XRF)	249 
technique,	on	a	sediment	core	retrieved	in	Ait	Ichou	swamp	in	the	south	of	the	Middle	Atlas	250 
(Tabel	et	al.,	2016).	XRF	analyses	allowed	the	variation	of	more	than	20	chemical	elements	to	251 






The	compiled	 fossil	pollen	data-set	 (figure	1A)	and	archaeological	 radiocarbon	dates	258 





on	 the	 timing	of	human	 interference	 throughout	 the	Holocene	and	 the	 types	of	 impact.	The	264 
proportions	of	the	reconstructed	anthropogenic	markers	correlate	with	the	estimated	human	265 








BP).	Another	marked	decline	 in	population	occurs	during	4800-4500	 cal.	BP.	Generally,	 the	274 
level	of	population	was	lower	in	the	Early	Holocene	and	started	increasing	substantially	with	275 
the	 onset	 of	 the	 Neolithic	 in	 the	 8th	 millennium	 cal	 BP.	 The	 duration	 of	 these	 periods	 of	276 





mainly	 in	 the	 lowland	sites	 rather	 than	 in	 the	Rif	 and	Atlas	Mountains.	The	arboreal	pollen	282 










defined	 in	 Morocco	 (Quézel	 and	 Médail,	 2003)	 and	 pollen	 grains	 representing	 these	 plant	292 
species	have	been	 identified	 in	 the	 fossil	 records.	These	vegetation	groups	 include	montane	293 
conifers,	deciduous	 trees,	evergreen	 trees	and	shrubs	and	steppic	plants	 (figure	4).	None	of	294 







threshold	within	 the	 last	 few	decades.	Understanding	of	 past	 relationships	between	human	302 
demography	and	ecosystem	changes	is	paramount	to	managing	ongoing	landscape	changes	and	303 
requires	studies	integrating	longer	time	scales	than	the	last	few	decades. 304 
Morocco	 is	 within	 the	 Mediterranean	 floristic	 area,	 which	 is	 considered	 a	 hotspot	 of	305 
biodiversity	(Myers	et	al.	2000)	with	approximately	22%	of	endemic	vascular	plants	(Rankou	306 
et	 al.	 2013).	Due	 to	 the	 geographical	 expansion	of	 human	population	 and	 related	 activities,	307 
several	species	have	become	extinct	over	the	last	century	and	many	species	are	endangered	or	308 
in	threat	of	extinction	today	(IUCN,	2018).	Forest	cover	in	Morocco	has	been	decreasing	steadily	309 
and	 substantially	 over	 the	 past	 century	 (Kaplan	 et	 al.	 2009)	 and	 all	 ecosystems,	 from	 the	310 




quintupled	between	1900	and	2014,	 from	ca.	6	to	ca.	34	million	 inhabitants.	 In	this	context,	315 
today	 more	 than	 ever	 it	 is	 important	 to	 analyze	 and	 understand	 past	 impacts	 of	 human	316 
demographic	change	on	different	ecosystem	types.	The	Neolithic	is	a	very	interesting	period	for	317 
exploring	 the	 impact	 of	 early	 human	 expansions	 and	 regressions,	 on	 landscapes	 and	 the	318 
increasingly	 complex	 ways	 in	 which	 such	 activities	 are	 superimposed	 on	 climate	 change	319 
records.	This	may	help	to	evaluate	the	ecosystem’s	capacity	for	adaptation	and	resilience	to	the	320 
combined	effects	of	natural	and	human	induced	changes. 321 
Evaluation	 of	 human	 demography	 during	 the	 Neolithic	 can	 be	 performed	 using	322 
radiocarbon	dates	available	from	archaeological	sites	and	ad	hoc	statistical	tools	(Crema	et	al.	323 
2016;	 Gamble	 et	 al.	 2004;	 Palmisiano	 et	 al.,	 2017;	 Shennan	 et	 al.	 2013;	 Williams	 2012).	324 
However,	one	should	be	cautious	as	archaeological	sites	are	often	not	exhaustively	studied	and	325 
there	may	be	important	differences	in	the	number	of	dates	available	at	each	site.	This	is	clearly	326 
the	 case	 for	Morocco	where	 the	 number	 of	 14C	 dates	 used	 in	 this	 study	 could	 certainly	 be	327 
improved	with	additional	 archaeological	 sites	 and	more	 14C	dates	per	 site.	Other	 additional	328 
potential	 biases	 related	 to	 14C	date	measurements	 and	 their	 calibration	may	 also	 introduce	329 
some	errors	in	estimating	human	demographic	trends	using	SPDs	(Shennan	et	al.	2013),	as	well	330 
as	the	duration	of	the	expansion/regression	of	human	populations	(Manning	et	al.	2014).	Used	331 
as	 a	 demographic	 proxy,	 SPDs	 may	 reflect	 only	 a	 local	 (or	 regional)	 expansion	 of	 human	332 
population	rather	than	representing	a	spatially	large	spread	(Shennan	et	al.	2013). 333 















Thus,	 even	 if	 the	 timing,	 continuity	 and	 degree	 of	 expansion	 of	 the	 migrating	 original	348 
populations	 is	 still	 under	 scientific	 debate,	 the	 Eastern	 origin	 of	 the	modern	North	 African	349 
populations	is	now	genetically	proven.	Rando	et	al.	(1998)	state	that	the	modern	dominating	350 
lineages	arrived	in	North	Africa,	during	the	Mesolithic	and	Neolithic	in	waves	while	Arredi	et	351 
al.	 (2004)	 propose	 that	 the	Neolithic	 transition	 in	North	Africa	was	 accompanied	 by	 demic	352 
diffusion	(see	Cavalli-Sforza	et	al.	1993).	The	marked	variations	in	14C	date	SPDs	(figure	5)	and	353 
the	 discontinuous	 occurrences	 of	 the	 fossil	 anthropogenic	 markers	 (figure	 2)	 suggest	 that	354 


































dominated	 by	 Olea	 pollen	 percentages,	 which	 may	 be	 interpreted	 as	 related	 to	 early	388 
domestication	of	the	olive	tree	in	Morocco.	However,	these	high	Olea	occurrences	are	recorded	389 




Reconstructed	pollen	 taxonomic	 richness	 (figure	3)	 is	not	well	 correlated	with	human	394 
demographic	 changes	either	 in	 the	 lowlands	or	 in	 the	mountainous	 sites	 (table	5,	 figure	3),	395 









coherent	 with	 the	 reconstructed	 decreasing	 trend	 in	 human	 population.	 Within	 the	 Rif	405 
Mountain	archaeological	sites	cereals	and	anthropogenic	herbs	decreased	between	6700	and	406 
6000	cal	BP,	indicating	reduced	grazing	and	cultivation	activities	(Linstädter	et	al.	2016).	The	407 














in	Morocco.	 In	 the	 Rif	Mountains,	 the	 geochemical	 content	 of	 several	 records	 show	 similar	422 








period.	 Today,	 areas	 rich	 in	 endemic	 species	 are	 threatened	 by	 the	 wide	 range	 of	 human	431 
activities	particularly	 in	areas	 identified	as	biodiversity	hotspots	such	as	 the	Mediterranean	432 






human	activities	on	ecosystems	and	 their	 species	 richness,	but	perhaps	 consistent	with	 the	438 
well-known	(but	debated)	intermediate-disturbance	hypothesis	(e.g.	Fox,	2013).	Unlike	during	439 
the	 modern	 industrial	 era,	 human	 activities	 during	 earlier	 periods	 of	 the	 Holocene,	 which	440 
mainly	 involved	 livestock	grazing	and	cultivation,	were	excellent	means	 for	 the	dispersal	of	441 
seeds,	propagation	of	domesticated	plants	and	the	dispersal	of	ruderal	plants	 that	are	often	442 
subservient	to	crops.	 443 
Our	study	suggests	 that	 there	are	major	differences	between	past	and	modern	human	444 
activities,	 such	 as	 modern	 artificial	 reduction	 of	 species	 ranges	 through	 the	 industrial	445 
exploitation	 of	 forest	 resources	 (e.g.	 Pearson	 and	Dawson	2003),	mono-specific	 plantations	446 
over	large	areas	(Brockerhoff	et	al.	2008),	the	introduction	of	invasive	and	alien	plant	species	447 
which	 strongly	 and	 negatively	 disturb	 ecosystem	 composition	 (Thuiller	 et	 al.	 2005),	 the	448 
widespread	use	of	herbicides	and	pesticides,	 and	 the	abruptness	of	ongoing	climate	 change	449 





natural	 to	 anthropogenic	 forcing,	which	 includes	 a	 period	 of	 natural	 climatic	 changes,	with	455 
negligible	 human	 impact	 in	 the	 early	 Holocene,	 followed	 by	 a	 period	 of	 interplay	 between	456 
natural	and	anthropogenic	impacts	with	the	expansion	of	human	populations. 457 
The	archaeological	and	environmental	data	used	in	this	study	indicate	that	prior	to	7400	458 
cal	 BP	 human	 populations	 had	 a	 limited	 impact	 on	 the	 lowland	 landscape	 and	 mountain	459 
ecosystems.	 The	 earliest	 significant	 expansion	 of	 human	 population	 in	Morocco	 during	 the	460 
Holocene	 took	place	 around	7000	 cal	BP	 and	 it	 is	marked	 in	 the	 fossil	 pollen	 record	by	 an	461 
increase	 in	 farming	 indicators,	 particularly	 crop	 pollen	 markers.	 This	 time	 span	 is	 a	 few	462 
hundred	years	 later	than	the	beginning	of	 the	Neolithic	period	 in	Morocco	and	ends	around	463 














(2)	 the	principal	human	activity	detected	 in	 the	 lowland	records	 involved	grazing	and	478 
farming	until	ca.	4000	cal	BP. 479 
(3)	 plant	 domestication	 seems	 not	 to	 have	 taken	 place	 before	 the	 early	 expansion	 of	480 
human	populations	in	Morocco,	which	is	recorded	during	the	Neolithic	around	7000	cal	BP. 481 
11 










Figure	 1.	 A.	 Location	 of	 the	 fossil	 pollen	 records	 (red	 stars)	 used	 for	 reconstructing	491 













































Figure	 2.	 Percentages	 of	 anthropogenic	 pollen	markers	 (API,	 RPI,	 ANH,	 CC	 and	 OJCV)	 and	498 















































































































































































Figure	 5.	 Summed	 Probability	 Distribution	 (SPD)	 of	 unnormalised	 calibrated	 radiocarbon	516 
dates	vs.	a	fitted	logistic	null	model	(95	%	confidence	grey	envelope).	Blue	and	red	bands	517 
indicate	 that	 chronological	 ranges	 within	 the	 observed	 SPD	 deviates	 negatively	 and	518 
positively	 from	 the	 null	model	 and	 corresponds	 to	 four	 significant	 decreases	 in	 human	519 
population	 (events	 1,	 2,	 3	 and	 6)	 and	 two	 significant	 increases	 (events	 4	 and	 5).	 The	520 
Epipalaeolithic	 and	 Neolithic	 periods	 have	 been	 defined	 according	 to	 Linstädter	 et	 al.	521 
(2018)	in	Northern	Morocco.	522 
 523 



































Site Name Location Elevation Time span (approx) Authors
Aanasser Rif 1342 0-4000 Reille, 1977, Cheddadi et al., 2015; 2017
Abartete Rif 1260 0-8000 Reille, 1976
Bab El Karn Rif 1178 0-9000 Cheddadi et al., 2016
Col de Zad Middle Atlas 2138 0-3000 Reille, 1976
Hachlaf Middle Atlas 1700 0-6000; 0-16000
Ifrah Middle Atlas 1610 4500-25000 Cheddadi et al., 2009
Ifri nEtsedda Rif 300 4500-10000 Linstädter et al., 2016
Ifri Oudadane Rif 50 6000-10000 Zapata et al., 2013
Iguerda-Ait-Amama Middle Atlas 2052 0-2500 Reille, 1976
Ishou Middle Atlas 1608 0-23000 Tabel et al., 2016
Marzine Rif 1400 0-2000 Reille, 1976
Mhad Rif 754 0-6000 Cheddadi et al., 2015; 2017
Ras El Ma Middle Atlas 1633 0-18000 Nourelbait et al., 2014
Sidi Ali Middle Atlas 2080 0-7500; 0-12000 Lamb et al., 1999; Zielhofer et al., 2017
Sidi bou Ghaba Rabat province 20 0-6500 Reille, 1979
Tanakob Rif 726 0-1200 Reille, 1976
Tessaout High Atlas 2040 0-6000 Reille, 1976
Tifounassine Middle Atlas 1921 0-13000 Tabel & Cheddadi, unpublished data
Tigalmamine Middle Atlas 1626 0-10000 Lamb et al., 1995
Tizi Ninouzane High Atlas 2591 0-2500 Reille, 1976
















Conifer trees Deciduous Trees Steppe Evergreen shrubs and trees
Abies Acer Aster-type Acacia
Cedrus Alnus Artemisia Adenocarpus
Cupressaceae Carpinus Asphodeline Buxus
Juniperus Carpinus betulus-type Asphodelus Ceratonia
Taxus baccata Castanea Asteraceae subf. Asteroideae Ceratonia siliqua
Tetraclinis articulata Celtis Asteraceae subf. Cichorioideae Cistus ladanifer-type
Corylus Centaurea Cistaceae
Fraxinus Centaurea cyanus Coniferae (vesiculate)
Juglans Centaurea cyanus-type Cupressus
Ostrya Centaurea nigra-type Cytisus-type
Ostrya/Carpinus orientalis-type Chenopodiaceae Erica arborea-type
Populus Compositae subf. Cichorioideae Genista-type
Prunus-type Cyperaceae Ilex
Quercus canariensis Dipsacaceae Laurus
Quercus canariensis-type Dipsacus Lavandula stoechas-type
Quercus cf. Q. canariensis Ephedra Ligustrum
Quercus faginea Ephedra distachya Myrtaceae
Quercus pyrenaica Ephedra distachya-type Myrtus communis
Quercus robur-type Ephedra fragilis Olea
Salix Ephedra fragilis-type Oleaceae
Tilia Poaceae Philyrea




























Event	 Start	(cal	BP)	 End	(cal	BP)	 Duration	(years) 551 
1		 9220	 9030	 190 552 
2	 8450	 8370	 80 553 
3	 8210	 8030	 180 554 
4	 7180	 6740	 440 555 
5	 6330	 6240	 90 556 












  569 
Morocco Atlas Rif Low elevation
AP 0,26 0,4 0,3 -0,09
ANH 0,63 -0,12 0,22 0,59
API 0,61 0,05 0,13 0,61
CC 0,7 0,16 0,03 0,74
OJCV 0,24 0,5 0,11 0,1
RPI -0,17 -0,23 0,61 0,06
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